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In this talk I discuss the interpretation of LHC Higgs measurements within the electroweak
chiral Lagrangian, paying particular attention to the role of power counting.
1 Introduction
Effective field theories (EFT) provide a powerful tool to study the low-energy dynamics of
physical systems whenever a mass-gap is present. In this case, the dynamics of the light degrees
of freedom can be described in full generality without resorting to details of the ultraviolet
(above the mass-gap) physics. The low-energy effective theory consists of the most general
Lagrangian respecting the underlying symmetries and involving the relevant light degrees of
freedom. Details of the ultraviolet dynamics are encoded in parameters of the effective theory
that can be determined from experimental measurements at low-energies. This is particularly
relevant since, in many situations, the ultraviolet dynamics is not known or its effects cannot be
derived from first principles. Such bottom-up approach has been proven extremely useful, for
instance, in the study of pion interactions at low energies (below the ρ mass). 1
In this talk I discuss the use of EFT methods for the interpretation of experimental measure-
ments of the Higgs boson properties, with typical energies of the order of the electroweak scale
∼ 102 GeV. The presence of a mass-gap between the electroweak scale and the new dynamics,
required for the formulation of an EFT, can be motivated based on the null results from direct
and indirect searches for new physics performed so far.
In the electroweak sector, we can consider two bottom-up EFTs. If the underlying dynamics
responsible for electroweak symmetry breaking is weakly coupled, new-physics effects would
decouple from the Standard Model and the expansion of the EFT is in canonical dimensions of
the fields. 2,3,4 If the underlying dynamics is strongly coupled (expected around the TeV scale),
new-physics effects do not decouple and the EFT can be organized as a loop expansion, or
equivalently, according to the chiral dimension of fields and couplings. 5,6 I will focus on the
latter possibility.
2 Electroweak Chiral Lagrangian
The electroweak chiral Lagrangian describes an effective field theory, and as such, it is based on
three pillars: i) relevant degrees of freedom, ii) symmetries, and iii) an organizing principle or
power counting. 5,6,7
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i) Field content: Standard Model particle content. It is assumed that the (transverse) gauge
bosons and fermions are weakly coupled to the Higgs sector dynamics.
ii) Symmetries: Standard Model gauge symmetries plus conservation of lepton and baryon
number; conservation of custodial symmetry at lowest order, CP invariance in the Higgs
sector and fermion flavour.
Three Goldstone bosons arise from the spontaneous breaking of the global symmetry
SU(2)L ⊗ SU(2)R → SU(2)V . Since the factor SU(2)L and the U(1)Y subgroup of SU(2)R
are gauged, these Goldstone bosons are not present in the physical spectrum and instead
become the longitudinal polarization components of the electroweak gauge bosons.
Under a chiral transformation SU(2)L⊗SU(2)R, the Goldstone boson matrix and the Higgs
field transform as
U → gL U g†R , h→ h , gL,R ∈ SU(2)L,R . (1)
Here U = exp(2iφaT a/v), with T a representing the generators of SU(2) and φa the Gold-
stone fields.
iii) Power Counting: The electroweak chiral Lagrangian is organized as an expansion in
loops,5,6 or equivalently in powers of v2/Λ2 where v ' 246 GeV represents the electroweak
scale and Λ ' 4piv is the natural cut-off of the theory. 8
It is useful to introduce the concept of chiral dimension (χ) for fields and couplings to
keep track of the loop order in the electroweak chiral Lagrangian, just as in the study of
low-energy pion dynamics. 9 In this case we assign chiral dimension 0 to bosons (gauge
fields Xµ, Goldstone fields ϕ, and the Higgs h) and 1 for each derivative, weak coupling,
and fermion bilinear. 5,6 That is: [Xµ, ϕ, h]χ = 0 and [∂µ, g, y, ψψ¯]χ = 1. Here g and y
denote a generic gauge and Yukawa coupling, respectively. The loop order L of a given
term in the effective Lagrangian is related to its chiral dimension through a simple relation:
χ = 2L+ 2.
The electroweak chiral Lagrangian (EWChL) is organized as LEWChL = L2+L4+ · · · , where
the subscript n in Ln denotes the chiral dimension. The leading order (LO) of the electroweak
effective theory has chiral dimension two and is given by 10,11,5
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2
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The first line of (2) represents the unbroken Standard Model while the following lines describe
the sector of electroweak symmetry breaking. We have denoted P± = 1/2 ± T3. The trace of
a matrix A is written as 〈A〉. The left-handed doublets of quarks and leptons are denoted as
q and l, while the right-handed singlets are written as u, d, e. In the Yukawa interactions, the
right-handed fields are collected into r = (u, d)T and η = (ν, e)T . The functions FU (h) and V (h)
take the form:
FU (h) =
∞∑
n=1
fU,n
(
h
v
)n
, V (h) = v4
∞∑
n=2
fV,n
(
h
v
)n
. (3)
The LO Lagrangian L2 is non-renormalizable. The full theory however is renormalizable order
by order in the chiral expansion. One-loop divergences of the leading order Lagrangian are
absorbed by counter-terms present in the next-to-leading order (NLO) piece L4. 12 The NLO
Lagrangian can be written generically as 5
L4 =
∑
i
ci
v6−di
Λ2
Oi . (4)
Here di represents the canonical dimension of the operator Oi. The NLO operators come sup-
pressed by Λ2 ' 16pi2v2 and have dimensionless coefficients ci which are naturally of order one.
Among the NLO operators, 5 those relevant for the single Higgs processes measured at the LHC
are
OXh1 = g′ 2BµνBµν FXh1(h) , OXh2 = g2〈WµνWµν〉FXh2(h) ,
OXh3 = g2s〈GµνGµν〉FXh3(h) , OXU1 = g′gBµν〈WµνUT3U †〉 (1 + FXU1(h)) , (5)
with each of the functions FXhj(h) and FXU1(h) having an analogous structure to that in Eq. (3).
Note that all the operators in Eq. (5) have chiral dimension four.
3 Implications of Higgs Data
The interpretation of Higgs data within the electroweak chiral EFT amounts to the determi-
nation of the EFT coefficients given current experimental data. I discuss this problem using
the methods of Bayesian inference. We are given an EFT described by an infinite number of
operators, whose associated coefficients must be determined from the available measurements.
The EFT is predictive since it is organized via a power counting principle, such that at a given
level of precision, only a finite subset of these operators is relevant. This knowledge enters in
the analysis in the form of Bayesian priors characterizing the expected size of the different con-
tributions to a given process. In our case, operators of the NLO Lagrangian enter at tree-level
with a relative suppression of v2/Λ2 ' 1/16pi2 compared to LO operators. 13,14
cZγcV , cf
Figure 1 – Contributions to h → Zγ involving an insertion from L2 (left) and the local term from L4
(right). The gray blob in the left-diagram represents the different topologies of the SM-like loop diagrams.
I consider on-shell Higgs measurements performed with data from the first run of the LHC.
These are presented in the form of Higgs signal strengths and include Higgs decays into fermions
h → τ+τ−, bb¯, µ+µ− and electroweak gauge bosons h → γγ,W+W−, ZZ, Zγ. The probed
production mechanisms are gluon fusion, associated production with a vector boson, vector
boson fusion, and associated production with top quarks.
Calculating the relevant processes up to the first non-trivial order in the electroweak chiral
EFT amounts to considering the following terms 13,14
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(6)
where yf = mf/v. Note that for loop-induced processes such as gg → h and h → γγ, Zγ, the
loop contributions involving a vertex from L2 enter at the same order as the corresponding local
contribution from L4 (see Fig. 1). At this level, the electroweak chiral EFT corresponds to the
so called kappa formalism.13,15 An extension of the analysis including higher order contributions
can also be performed consistently with the power counting of the theory once the experimental
precision requires it. 14
The coefficients ci in (6) are naturally of order one. This knowledge can be taken into
account by defining “appropriate” prior probability density functions (pdf) which are then folded
with the Likelihood in order to obtain the posterior pdf. Fig. 2 shows 68% and 95% Bayesian
credible regions in the planes cV -ct and cγγ-cgg for illustration, taking flat priors in the ranges:
cV ∈ [0.5, 1.5], cf ∈ [0, 2], cγγ,Zγ ∈ [−1.5, 1.5], cgg ∈ [−1, 1].
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Figure 2 – 68% and 95% Bayesian credible regions, approximated in this case by iso-contours of ∆χ2 =
χ2 − χ2min with χ2 ≡ −2log(pdf).
Acknowledgments
I am grateful to the organizers of the Rencontres de Blois for the pleasant atmosphere. I thank
G. Buchalla, O. Cata` and C. Krause for the fruitful collaboration. I acknowledge support from
the Alexander von Humboldt Foundation.
References
1. A. Pich, hep-ph/9806303.
2. S. Weinberg, Phys. Rev. Lett. 43 (1979) 1566.
3. W. Buchmu¨ller and D. Wyler, Nucl. Phys. B 268, 621 (1986).
4. B. Grzadkowski, M. Iskrzynski, M. Misiak and J. Rosiek, JHEP 1010, 085 (2010).
5. G. Buchalla, O. Cata` and C. Krause, Nucl. Phys. B 880, 552 (2014).
6. G. Buchalla, O. Cata` and C. Krause, Phys. Lett. B 731, 80 (2014).
7. A. Pich, I. Rosell, J. Santos and J. J. Sanz-Cillero, arXiv:1609.06659.
8. A. Manohar and H. Georgi, Nucl. Phys. B 234, 189 (1984).
9. R. Urech, Nucl. Phys. B 433, 234 (1995).
10. R. Contino, C. Grojean, M. Moretti, F. Piccinini and R. Rattazzi, JHEP 1005, 089 (2010).
11. R. Contino, arXiv:1005.4269 [hep-ph].
12. F. K. Guo, P. Ruiz-Femen´ıa and J. J. Sanz-Cillero, Phys. Rev. D 92, 074005 (2015).
13. G. Buchalla, O. Cata`, A. Celis and C. Krause, Phys. Lett. B 750, 298 (2015).
14. G. Buchalla, O. Cata`, A. Celis and C. Krause, Eur. Phys. J. C 76, no. 5, 233 (2016).
15. S. Heinemeyer et al. [LHC Higgs Cross Section Working Group Collaboration],
doi:10.5170/CERN-2013-004 [arXiv:1307.1347].
